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ABSTRACT
Background: The number of cesarean sections (CSs) is increasing
in many countries, and there are concerns about their short- and
long-term effects. A recent Brazilian study showed a 58% higher
prevalence of obesity in young adults born by CS than in young
adults born vaginally. Because CS-born individuals do not make
contact at birth with maternal vaginal and intestinal bacteria, the
authors proposed that this could lead to long-term changes in the gut
microbiota that could contribute to obesity.
Objective: We assessed whether CS births lead to increased obesity
during childhood, adolescence, and early adulthood in 3 birth cohorts.
Design: We analyzed data from 3 birth-cohort studies started in
1982, 1993, and 2004 in Southern Brazil. Subjects were assessed
at different ages until 23 y of age. Poisson regression was used to
estimate prevalence ratios with adjustment for 15 socioeconomic,
demographic, maternal, anthropometric, and behavioral covariates.
Results: In the crude analyses, subjects born by CS had ;50%
higher prevalence of obesity at 4, 11, and 15 y of age but not at
23 y of age. After adjustment for covariates, prevalence ratios were
markedly reduced and no longer signiﬁcant for men or women. The
only exception was an association for 4-y-old boys in the 1993 co-
hort, which was not observed in the other 2 cohorts or for girls.
Conclusion: In these 3 birth cohorts, CSs do not seem to lead to an
important increased risk of obesity during childhood, adolescence,
or early adulthood. Am J Clin Nutr 2012;95:465–70.
INTRODUCTION
Births by CS
4 have markedly increased in the past 2 decades
in a large number of middle- and high-income countries in the
world (1). In the United States, CSs reached an unprecedented
level of 32.9% in 2009 (2), whereas in England, this proportion
was 24% in 2008 (3). In Brazil, CSs overtook vaginal deliveries
in 2009 (50.1%) to become the most common way of delivery
for the country’s ;3 million annual births (4).
Although these operations can be lifesaving, both for mother
and the fetus, there is concern that increasing rates may have also
short-andlong-termdeleteriouseffects.Recentstudiessuggested
that children born by CS could have increased risk later in life of
diseasessuchasatopyandallergies (5),asthma(6),celiacdisease
(7), and type 1 diabetes (8). The main explanation for possible
increased risk is that the lack of contact at birth with maternal
vaginal and intestinal ﬂora would render these children more
susceptible later in life to a number of diseases because of
changes in the development of the immune system (9).
More recently, increased rates of obesity were reported in
young Brazilian adults born by CS compared with young Bra-
zilianadultsbornvaginally(10). The plausibility suggested bythe
authors (10) was, again, that of different gut microbiota com-
position, but it is also possible that the ﬁndings could be due to
residual confounding, particularly by socioeconomic position,
which is associated with the type of delivery and obesity in Brazil
(11–15).
In this article, we examine the association of CSs with obesity
in childhood, adolescence, and early adulthood by using data
from 3 population-based Southern Brazilian birth cohorts.
SUBJECTS AND METHODS
During 1982,1993,and 2004,birth-cohort studies werestarted
in Pelotas, Southern Brazil, with primary data collection at all
maternity hospitals of the city by using almost the same meth-
odology. The proportion of home births in these years and the
nonresponse rate at recruitment in the 3 cohorts were ,1%. Each
birth cohort was visited on several occasions, and details of the
methodology of each visit were published elsewhere (16–20).
Inrelation to thedata analyzedin this article,forthe 1982birth
cohort, we used perinatal information and data collected at 4 and
23 y of age. At birth, all 5914 live babies from all maternity
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by using a pretested structured questionnaire, case notes of the
hospitals were reviewed, and all babies were weighed and
measured by especially trained interviewers under the supervi-
sion of a pediatrician by using standard techniques .
In 1986, when the children were ;4 y of age, we conducted
a census of all the nearly 80,000 households in the city in search
of all children born in 1982 because it had been shown in the
ﬁrst follow-up visit at 12 mo of age that the use of only the
known address obtained during the perinatal interview had lead
to substantial losses. With the use of this methodology, we were
able to ﬁnd and examine 4742 children, with a follow-up rate of
84.1%, with consideration that 237 children of the cohort had
died. In this follow-up, the mean age of the children was 43.1
mo (range: 35.4–53.0 mo), and they were weighed and measured
with standardized procedures.
The 1982 birth cohort was visited in 2004–2005, with the same
methodology of conducting a city census of all households
(;98,000 households). We were able to locate 4297 members of
the cohort (mean age: 22.8 y; range: 21.9–23.7 y), which repre-
sented a follow-up rate of 77.4%, given that 282 cohort members
were known to have died. All located individuals were weighed
and measured with standardized techniques.
In regards to the 1993 birth cohort, in this article we used
information collected at birth and ages 4, 11, and 15 y. At birth,
themethodologyusedwasthesameastheonedescribedthe1982
birth cohort, and 5249 babies were recruited. Mothers were
interviewed by using a structured questionnaire, hospital case
notes were reviewed, and babies were weighed and measured
with standard techniques. In 1997, when the children were ;4y
of age, we tried to locate all children who were born with low
birth weight (,2500 g) and a systematic sample of 20% of the
remaining children with birth weights 2500 g. The eligible
number of children for this visit was 1363 children, and we were
able to locate 1273 children, which represented a response rate
of 87.2%. The different sampling fractions for low birth weight
and other children required weighted analyses of this data set.
In 2004, when the children were ;11 y of age, we used several
strategies to locate all cohort members, including a census of all
98,000 urban household and a school census, in which the reg-
istries of .100 schools in the city were reviewed. We were able
to locate 4452 children, which, with the addition of the 141
children known to have died since birth, lead to a follow-up rate
of 87.5% of the original birth cohort of 5249 children. Children
were weighed and measured, and subscapular and triceps skin-
fold thicknesses were also measured 3 times with Cescorf sci-
entiﬁc calipers, and the mean value was used in the analyses (21).
In 2008, a new city census was conducted in search of all
adolescents born in 1993. Nearly 100,000 households were
visited, and from the 5249 individuals initially recruited in the
perinatal study, we were able to ﬁnd 4349 individuals, which,
withtheadditionofthe148casesalreadydeceased,corresponded
to a follow-up rate of 85.7%. From the located adolescents, 4110
adolescents (94.5%) were weighed and measured, including the
measurement of subscapular and triceps skinfold thicknesses.
In relation to the 2004 birth cohort, in this article we used
information collected at birth and 4 y of age. As in the previous
cohorts, the perinatal study comprised all births to mothers who
werelivinginurbanareasofthecitythatoccurredinallmaternity
hospitals. There were 4232 births, and mothers were interviewed
with structured questionnaires, and babies were weighed and
measured with standardized techniques and equipment. In 2008,
when the children were ;4 y of age, we undertook the same
methodology of the previous cohorts and conducted a city census
of all households looking for children born in 2004. With this
methodology, we were able to ﬁnd 3799 children from the 4137
children who were still alive, which corresponded to a follow-up
rate of 91.8%.
In all follow-up visits of the 3 cohorts, children were weighed
with digital scales and measured with aluminum stadiometers
according to standardized techniques within the margins of error
of the National Center for Health Statistics (22). Standardization
sessions for anthropometric measurements were carried out
before and during data collection.
PhysicalmeasurementswereconvertedintoWAZs,HAZs,and
BAZs (BMI was calculated as weight in kilograms divided by the
square of height in meters) by using the WHO Growth Standards
(23).
The deﬁnition of obesity varied according to age; at 4 y of age,
obesity was deﬁned as a BAZ 2 SDs from the median of the
WHO reference curve; at 11 and 15 y of age, obesity was deﬁned
according to WHO criteria (24) (BMI of at least the 85th per-
centile of NHANES I and the sum of tricipital and subscapular
skinfold thicknesses of at least the 90th percentile); at 23 y of age,
obesity was deﬁned as BMI 30.
All analyses were conducted for the whole population and
were also separately by sex. The exposure variable was the type
of delivery (ie, whether the baby was delivered by CS or
vaginally). Several covariates were included in the analyses.
Potential confounders measured at birth in the 3 cohorts in-
cluded family income at birth (divided into quintiles), maternal
schooling at birth (divided into 4 groups), type of payment for
delivery (covered by the National Health System, private
practice, private healthinsurance), maternalskincolor(whiteor
black, mixed, or other), birth order (continuous), maternal age
(continuous), maternal prepregnancy weight (4 groups), ma-
ternal height (continuous), smoking during pregnancy (yes or
no), and birth weight (continuous). In addition, the following
other covariates measured at the time of anthropometric
examinationswereincluded:familyincome(at4,11,15,or23y
ofage),schooling(at11,15,or23yofage),physicalactivity(at
11 or 23 y of age), and smoking and alcohol consumption (at 15
or 23 y of age).
The analyses were performed with Stata version 10.1 soft-
ware (Stata Statistical Software Release 10; StataCorp). Stan-
dard descriptive techniques were used with chi-square tests for
trends and 95% CIs for comparing proportions. A Poisson
model (25) was used toexplore the independent effect ofCSs on
o b e s i t ya td i f f e r e n ta g e sa n dt oe s t i m a t ea d j u s t e dp r e v a l e n c e
ratios.
AllphasesofthecohortstudieswereapprovedbytheResearch
Ethics Committee of the Federal University of Pelotas, which is
afﬁliated with the Brazilian Federal Medical Council.
RESULTS
The prevalence of CSs and obesity at 4, 11, 15, and 23 y of age
for male and female subjects stratiﬁed by family income and
maternal schooling is shown in Table 1. Male subjects com-
prised 50.8% of the sample, and female subjects comprised
466 BARROS ET AL49.2% of the sample. In the 3 perinatal studies, CS rates were
strongly and directly associated with income and education. As
regards obesity, prevalence rates at 4 y of age were higher for
boys and girls from better-off families. This trend was main-
tained for male subjects at 11, 15, and 23 y of age. However,
for female subjects, no socioeconomic differences were ob-
served at 11 or 15 y of age, and by the age of 23 y, the pattern
was reversed, with women from low socioeconomic groups
presenting higher prevalence of obesity than did women of
better-off families.
The crude prevalence of obesity according to type of delivery
at different ages is shown in Table 2. Obesity was signiﬁcantly
more prevalent in the CS group at 4, 11, and 15 y of age for both
male and female subjects, with the only exception being for 4-y
old girls in the 1993 cohort. However, at 23 y of age, no sig-
niﬁcant differences were observed in the prevalence of obesity
for men or women.
Corresponding crude and adjusted prevalence ratios are shown
in Table 3. When potential confounding variables were added to
the model, prevalence ratios were substantially reduced and no
longer signiﬁcant, except for the association for 4-y-olds in the
1993 cohort, in which the adjusted prevalence ratio for boys was
2.03. However, the corresponding prevalence ratios at the age of
4 y in the other 2 cohorts were considerably smaller at 1.25 in
1982 (P = 0.14) and 1.13 in 2004 (P = 0.36). The only associ-
ation that apparently increased after adjustment for confounding
was that for women at 23 y of age in the 1982 cohort from 1.08
in the crude analyses (P = 0.59) to 1.33 (P = 0.10) after ad-
justment.
All analyses were repeated with adjustment for early life
confounders only, with contemporary variables left out. The
results were virtually unchanged.
DISCUSSION
The strengths of these analyses included their longitudinal
design with low attrition rates and the ability to compare 3 large
birth cohorts starting 11 y apart at different ages that ranged from
4 to 23 y. A limitation was the lack of data on the timing of the
rupture of membranes, which could have provided important
insights regarding the exposure of the fetus to microorganisms.
InaccordancewithallpreviousstudiesconductedinBrazil, we
showed a strong positive relation between CS prevalence and
socioeconomic status (11–14). In contrast, the prevalence of
obesity by socioeconomic status showed different patterns for
men and women in early adulthood, with a higher prevalence
observed in rich men and poor women. Those ﬁndings have also
been described in other studies (15, 26, 27).
Recent analyses of the Brazilian Ribeira ˜o Preto 1978–799
birth cohort showed an adjusted prevalence ratio for obesity of
1.58 (95% CI: 1.23, 2.02; P , 0.001) at 23–25 y of age for
subjects born through CSs (10). Sex-stratiﬁed results are not
shown, but the authors (10) reported that there was no in-
teraction with sex. Their study included statistical adjustment
for the subject’s sex, birth weight, physical activity, smoking,
schooling, and income, as well as for maternal schooling and
smoking during pregnancy. Our analyses adjusted for all these
factors and, in addition, for maternal family income, type of
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































468 BARROS ET ALOur adjusted results did not conﬁrm such a high risk of obesity in
subjects delivered by cesarean delivery. No signiﬁcant associations
of CSs and obesity at any age were shown in women. For male
subjects, we showed a signiﬁcant association at 4 y of age but
only in the 1993 cohort; this signiﬁcant association was not
present in the same cohort at later ages or in the 2004 cohort at
the same age. Most prevalence ratios for men and women
remained above unity.
Residual confounding and self-selection may have played
a role in these results because, despite adjustment for several
socioeconomic variables, there may be other sociocultural
patterns associated with CS delivery and childhood obesity that
may be difﬁcult, if not impossible, to adjust for. Ethnographic
research carried out during the early phases of the 1993 cohort
showed that a distinct group of mothers had a particular pro-
pensity toward actively seeking medicalization (28, 29). These
women were more likely to deliver through cesarean delivery,
less likely to breastfeed, more likely to use private rather than
public health care (30), and also highly concerned about the
need for their babies to put on weight rapidly (31). This type of
self-selection is difﬁcult to control in quantitative analyses such
as the present one and may lead to an association between CSs
and obesity despite statistical control for measureable con-
founding factors.
Residual confounding may also explain why the associations
in the earlier Brazilian study were stronger than in our study
because the list of confounders in the earlier Brazilian study did
not include maternal height and weight or the variety of socio-
economic variables available in our data sets. In terms of sta-
tistical power, the Ribeira ˜o Preto analyses were based on 2057
subjects, whereas our analyses included ;4000 subjects in each
cohort (except for in the 4-y-old follow up of the 1993 cohort,
which was restricted to a stratiﬁed, systematic subsample of
1237 subjects).
In conclusion, the raising rates of CSs in Brazil and in many
other countries are a reason for great concern because of the
increased maternal and child morbidity associated with these
procedures (32). Additional studies are necessary to assess po-
tential long-term effects. However, our results do not conﬁrm
earlier ﬁndings of an important increase in risk of obesity, at least
until early adulthood.
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